Distal 15q trisomy or tetrasomy is associated with a characteristic phenotype that includes mild to moderate intellectual disability, abnormal behavior, speech impairment, overgrowth, hyperlaxity, long face, prominent nose, puffy cheeks, pointed chin, small ears, and hand anomalies (mainly arachno-and camptodactyly). We present the case of a 13-yr-old girl with the main clinical features of 15q overgrowth syndrome and a 46,XX,dup (15) The findings in this case are consistent with those in the previous distal 15q trisomy cases that presented with overgrowth and mental retardation. Further, the rearranged chromosome had a double set of directly oriented telomeric and subtelomeric sequences. (Korean J Lab Med 2010;30:318-24) 
INTRODUCTION
Since the first report of a 15q22 → qter duplication by Fujimoto et al. [1] , at least 71 other cases of similar or smaller distal 15q imbalances have been described, including 5 cases involving aborted fetuses. Such duplications or partial trisomies are usually caused by unbalanced reciprocal translocations, intrachromosomal duplications, or recombination within a pericentric inversion [2] [3] [4] [5] [6] . In addition to the 71 cases, 12 sporadic cases (including 2 cases involving aborted fetuses) of 15q distal tetrasomy have also been described; among these, 10 had an extra neocentric marker and 2 had a triplication [6] [7] [8] . The phenotype-genotype correlations observed in these cases resulted in the delineation of the 15q overgrowth syndrome, which is caused by the increased dosage of 15q25-q26 and is primarily manifested as mild to severe intellectual disability, language impairment, abnormal behavior, tall stature, macrodolichocephaly, long face, puffy cheeks, prominent chin, cardiac defects, renal abnormalities, camptodactyly, and other minor limb anomalies [2] [3] [4] [5] [6] . This phenotype appears to be independent of the parental origin of the surplus 15q [4] . We report the case of a tall female teenager with mental retardation, learning disabilities, and a dir dup(15)(q24q26), a phenomenon that enabled us to review the phenotype in 17 "pure"instances; i.e., instances without a concomitant euchromatic imbalance (Table 1) Table 1 . Cytogenetic and clinical findings in 16 patients with a "pure" distal 15q duplication* list of the corresponding additional references).
CASE REPORT

Case
The patient was the first child born to a 24-yr-old woman and an unrelated 28-yr-old man; family history was not a contributory factor for the patient' s condition. At the age of 13 yr and 5 months, she underwent a cognitive assessment based on the WISC-IV Scale [19] , which yielded a total score of 40 with no discrepancy in the verbal comprehension, perceptual reasoning, working memory, and processing speed scores. In the Child Neuropsychological Assessment-ENI [20] , the patient' s score was similar to that for a 5-or 6-yr-old child; however, she showed greater impairment in expressive vocabulary and lesser impairment in visual perception tasks, receptive vocabulary tests, and semantic visual and verbal fluency. In spite of her attendance to a special education school since the age of 6 yr, she could only read and write a few letters, her own name, and some 1-digit numbers through rote memory. On the Adaptive Behavior Scale [21] filled out by her mother, the patient' s behavior was comparable to that of a 4-to 6-yr-old child; she showed no obsessive behavior, panic or phobic disorders, nor loss of temper control.
Cytogenetic studies
The chromosomes of the patient and her parents were (Fig. 2B) ; the accompanying red signal for Prader-Willi/ Angelman at 15q11-13 was present once in each homolog (Fig. 2B) . In >20 interphases, the same pattern of 2 red and 3 green or 15q subtel signals was observed; moreover, 2 green signals were rather close or even adjacent (images not shown). The pantelomeric probe showed double hybridization on the duplicated 15q segment: 1 signal was terminal and the other interstitial at the 15q26 breakpoint junction (Fig. 2C) . Finally, the t(15;17) probe confirmed that the PML locus at 15q22 was not involved in the duplication (images not shown). Thus, the patient' s karyotype was determined to be 46,XX,dup (15) 
DISCUSSION
The clinical features of the present case, including moderate mental retardation, learning difficulties, tall stature, large head, and distinct facial gestalt as well as the other less common traits such as hand campto-and polydactyly, satisfy the diagnostic criteria for distal 15q overgrowth syndrome [2] [3] [4] [5] [6] . Similar to the findings obtained in previous cases of overgrown patients with a distal 15q overdosage [4, 6, 14, 15, 18, 22] , the patient' s tall stature can be reliably associated with the extra copy of the IGF1R (insulin-like growth factor 1 receptor) gene located at 15q26.3. While the patient' s neuropsychological profile expands the spectrum of the 15q overgrowth syndrome, it fails to support the association of 15q distal duplication with autism seen in a single patient [17] , nor does it verify the debatable connection between DUP25 genomic polymorphism at 15q24-q26 and panic and phobic disorders [23, 24] . However, such disorders may have been overlooked in other cases [17] . Otherwise, distal 15q overdosage may show variable expression, as evidenced by the absence of true macrocephaly, craniosynostosis, congenital heart defect, and renal anomalies in this patient.
The comparison between the findings in 16 patients (including 1 case involving a fetus) with a "pure"15q distal duplication (Table 1) and those in 57 cases with an "impure" duplication reveals no major phenotypic differences, except perhaps the life-span. The only death among the "pure" instances was that of an anencephalic newborn [16] , whereas the oldest survivors were 33 and 38 yr old at the time of reporting [6] . In contrast, 10/52 (20%) patients born alive with an "impure"15q duplication were dead at the time of reporting.
The chromosomal rearrangements that were more frequent in 73 patients with a 15q distal duplication (supplementary material) are 56 reciprocal translocations and 8 intrachromosomal duplications. Including the present case (Table 1) , there are 7 direct 15q duplications [11] [12] [13] 16 , this report] and 1 inverted [25] 15q duplication. Among the cases of direct 15q duplications, 6 (5, if a pair of twins is counted as a single event) involve the segment 15q24 → qter; moreover, the present instance appears to be the second mosaic case with a normal cell line [11] and the first 15q duplication with a documented double set of both subtelomeric and telomeric sequences. However, in the previous cases, the investigators did not specifically look for such repeat sequences. Actually, interstitial telomeres were found in a 9p duplication [26] but not in 12 terminal duplications involving diverse chromosomes [27] . In contrast, interstitial telomeric and/or subtelomeric sequences have been detected in both triplications alluded to in previous studies [7, 8] , in a tandem 15q telomeric translocation [28] , as well as in 9/21 (43%) translocations and rings concerning chromosomes other than chromosome number 15 [29] .
The concurrence of a normal cell line along with the double set of (sub)telomeric sequences indicates that the present direct duplication most likely arose in a 46,XX zygote via an interchromosomal or interchromatid nonallelic recombination between a low-copy repeat or duplicon located in 15q24 [30, 31] and telomeric 15q sequences.
Indeed, considering the occurrence of internal (TTAGGG)n sequences at duplicon boundaries, such a recombination may be a homologous one [31] . Otherwise, chromosome 15p heteromorphisms would imply that a paternal chromosome was involved in the duplication. Although a meiotic origin cannot be ruled out, it seems unlikely in the light of the requirement of a postzygotic "normalizing" deletion of the duplicated segment; however, at least 2 duplications of meiotic origin have been found in mosaic patients with a normal cell line [27, 32] . Finally, the occurrence of 5 similar dup(15)(q24q26) indicates that these duplications may indeed represent another recurrent 15q genomic disorder comparable to the t(12;15)(p13;q25) typical of congenital fibrosarcoma [30] .
